Background: the National Service Framework for Older People mandates the introduction of 'intermediate care services' to reduce emergency admissions to hospital from the population aged 75 years or more. We evaluated the predictive performance of one of the screening instruments used to identify older people who might most benefit from such services. Methods: using multiple logistic regression, we compared responses to the six-item, self-administered Sherbrooke Questionnaire with subsequent patterns of emergency attendance and admission to hospital among the elderly population of one borough in West London. Results: excess risk of both emergency attendance and admission became significant when two or more risk factors were present, and rose progressively with each additional factor, regardless of their nature. With each additional year of age, risks of emergency attendance and admission to hospital increased by 8% (95% CI = 6-10) and 9% (95% CI = 7-12), respectively. There were also significant independent risks associated with reporting memory problems (typical odds ratio (OR) 1.41, 95% CI = 1.14-1.75) and taking three or more medications (OR 1.65, 95% CI = 1.34-2.02), as well as large risks associated with attendance or admission in the year before screening. Conclusion: the Sherbrooke Questionnaire is a good measure of likely need for emergency visits to hospital among the elderly. However, programmes attempting to reduce such events should also take into account the individual's recent history of emergency attendance at hospital.
Introduction
Internationally, health systems face growing demands for services of all kinds associated with rapid expansion of the elderly population. As part of its response to the National Service Framework for Older People (NSFOP) in England [1], the London Borough of Hammersmith and Fulham and the local primary care trust have been conducting the Keep Well At Home (KWAH) Project. This involves screening persons aged 75 years and over living in the community for risk of attending an Accident and Emergency (A&E) Department at a local hospital and, where indicated, providing additional health and social care services in an attempt to reduce this risk.
The screening assessment in KWAH is a two-step process involving a self-administered instrument distributed by post, followed by a longer interview at home by a community nurse for individuals whose responses to the questionnaire indicate that they are 'at risk'. As reported elsewhere [2] , the KWAH Project has not yet resulted in a significant reduction in either emergency attendances or emergency admissions to hospital. We identified selection of inappropriate instruments for screening and assessment as one factor that may have contributed to this disappointing result. The present paper explores that possibility further.
The first-phase screening instrument, the Sherbrooke Questionnaire, is a validated tool for identifying elderly individuals at risk of functional decline the following year. In the study from which it emerged [3] , 'functional decline' was a composite endpoint consisting of death, move into institutional care or increase in disability. The questionnaire used in the original Hebert study [3] was derived from various other instruments including that of Barber et al. [4] , which was a postal questionnaire with nine 'yes' or 'no' questions in which 'living alone' was regarded as a risk factor for poor health. In the study by Hebert et al., the postal questionnaire had 21 questions and, from the analysis of responses, the investigators identified six (see Table 1 ) that had significant and independent predictive power for 'functional decline'. Therefore, the resulting 'Sherbrooke Questionnaire' was the outcome of the study and was not the questionnaire actually sent to the elderly in Canada. We have used data from the KWAH Project to examine prospectively the capacity of the Sherbrooke Questionnaire to predict emergency attendances and unplanned admissions to hospital.
Methods
The KWAH Project was launched in September 1999 and expanded progressively to involve 20 of the 38 practices in the Hammersmith and Fulham Primary Care Trust (PCT).
The intention was to screen, using the Sherbrooke Questionnaire, all persons aged 75 years and over who were registered with a participating practice, resident in the Borough of Hammersmith and Fulham, and neither being visited by a community nurse nor living in a long-stay institution. At the time of the evaluation study [2] , 2,307 Sherbrooke Questionnaires were available for analysis, representing an estimated 61% of the population of Hammersmith and Fulham aged 75 or over. The KWAH Project added a question about falls in the previous year to the six items of the original Sherbrooke Questionnaire.
Risk factors
The KWAH Project routinely recorded only 'at risk' status, based on two or more 'positive' responses from the Sherbrooke Questionnaire. In assessing responses, project staff regarded living alone as a protective factor, as Hebert found that those elderly people living together had a higher level of functional decline over the following year [3] . This was explained in terms of 'at risk' individuals living alone without the support of another person being more likely to have already moved into institutional care. However, preliminary analysis of data from London showed that living alone was associated with a significantly increased frequency of having had a fall in the preceding year (odds ratio (OR) 1.54, 95% CI = 1.23-1.88). Thus, we have used living alone as a marker of increased risk in the principal calculations in this paper.
As well as the dichotomous variable for 'at risk' status, we have examined the overall number of 'positive' responses to the Sherbrooke Questionnaire as a predictor of need for emergency medical care. This 'Sherbrooke score' varies from 0 to 6. In addition, we examined the prognostic significance of reporting a recent fall and, through linkage of records from KWAH to those from local A&E departments (see below), the risks associated with attendance at an A&E department or an emergency admission to hospital in the year before assessment.
Outcome variables
We have conducted parallel analyses for emergency attendances and emergency admissions to one of the three hospitals serving the Borough of Hammersmith and Fulham. Electronic records from each of the relevant A&E departments for four calendar years from January 1999 were linked electronically to those of the KWAH Project using the patient's age, date of birth and postcode of residence. Outcomes were defined as any emergency attendance or any emergency admission occurring between the date of the first home visit conducted for the KWAH Project in that patient's practice and 31 December 2002. These home visits mark the beginning of the second phase of the baseline assessments conducted for KWAH in a particular practice. We used the date of the first such visit because the dates of distribution and return of Sherbrooke Questionnaires had not been recorded. However, the interval was usually only a matter of weeks; the KWAH Project began in September 1999 and the first home visits in the participating practices were conducted in January 2000.
Statistical analyses
Using logistic models and Stata software [5], we began by examining the univariate associations between age, sex, history of falls, previous attendances, previous admissions, 'at risk' status, individual items of the Sherbrooke Questionnaire, and Sherbrooke score with each emergency attendance and emergency admission after screening. We then examined the relationships with the same two outcomes in parallel multivariate models, in which age (in increments of one year) and sex were always included, and responses to the Sherbrooke Questionnaire were treated as individual items or summarised as the Sherbrooke score or 'at risk' status.
Next, we re-calculated 'at risk' status and the Sherbrooke score treating living alone as a protective factor, as suggested by Hebert's original study [3] , and constructed the multivariate models for each outcome again. 
Prediction of medical emergencies in the elderly
Finally, we assessed the contribution of particular markers of risk using the formula for population attributable proportion: (p (OR-1) × 100)/(1 + p (OR-1)), where p is the prevalence of the factor and OR is the corresponding odds ratio derived from the relevant multivariate model. Assuming that the association between the risk factor and the outcome is based on cause and effect, this formula indicates the proportion, expressed as a percentage (%), of the total of outcome events in the population that is attributable to that risk factor.
Ethical considerations
The Hammersmith Research Ethics Committee approved the protocol for this study. After entry of data, name-identified records were returned to the KWAH Project and all analyses were performed on anonymised files.
Results
Of the 2,307 individuals for whom a completed Sherbrooke Questionnaire was available, 667 (28.9%) attended one of the A&E departments covered by the present study between the date of screening and the end of 2002, and 342 (15.5%) had an emergency admission to hospital during this period. Table 1 shows the univariate and multivariate odds ratios for age, sex and individual items of the Sherbrooke Questionnaire for emergency attendances and emergency admissions to hospital. The risk of both outcomes increases significantly with age, by 8-10% for each additional year. Female sex is not significantly related to emergency attendances but, in the relevant multivariate model, is associated with a significant decrease in risk of emergency admission (OR 0.74, 95% CI = 0.57-0.97). In general, the risks associated with positive responses to individual items of the Sherbrooke Questionnaire were more modest in the multivariate models compared with the corresponding univariate ones, and were larger in the models for emergency admissions than in those for attendances at A&E. Living alone, and problems with sight and hearing were not associated with statistically significant risks when age, sex and responses to the other items of the Sherbrooke Questionnaire were taken into account. Use of a walking aid was clearly significant in both univariate models, but appeared unimportant in the multivariate model for attendances (OR 1.01, 95% CI = 0.82-1.26), and was of borderline significance only in that for unplanned admissions (OR 1.31, 95% CI=1.00-1.72). By contrast, taking three or more medications and reporting problems with memory consistently emerged as markers of increased risk.
Despite Table 1 suggesting that at least half of the items of the Sherbrooke Questionnaire are not important markers of risk, there is a clear positive relationship between overall Sherbrooke score and each of the outcomes of interest (Table 2) . Moreover, the data support the use of two or more 'positive' responses for defining 'at risk' status, as the excess risk of each outcome for having just one risk factor compared with none does not attain statistical significance. Table 2 also shows that both attendance at A&E and emergency admission in the year before screening are markers of significant risk of future events of both kinds. Interestingly, previous attendance is a slightly better predictor of a new attendance than of a new emergency admission, while the reverse is true of a previous emergency admission. Previous attendance or admission is a stronger marker of a new attendance than even the highest Sherbrooke score, and the ORs for a new emergency admission associated with these risk factors are higher than those for all Sherbrooke scores below 5.
We systematically examined the risk associated with reporting a fall in the year before screening, but this factor never attained independent statistical significance in any of the multivariate models, and neither did its inclusion materially affect the ORs associated with any of the other factors considered at the same time. 
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When we re-calculated our results treating living with someone else as a marker of risk, the multivariate odds ratios associated with 'at risk' status increased non-significantly, from 1.48 (95% CI = 1.19-1.86) to 1.53 (1.24-1.90) for attendances, and from 1.82 (1.35-2.45) to 2.00 (1.51-2.66) for new emergency admissions.
When the prevalence of 10.9% for an emergency attendance in the year before screening is taken into account via the formula for population attributable proportion, this factor is implicated in 28.6% of new emergency attendances compared with 23.6% for the most important characteristic derived from the Sherbrooke Questionnaire, 'at risk' status (23.6%) (see Table 3 ). However, at 34.3%, 'at risk' status is easily the single most important factor, at population level, associated with new emergency admissions.
Discussion
Our data show that the Sherbrooke Questionnaire performs well as a predictor of need for emergency hospital services by community-dwelling elderly patients. Thus, they validate an instrument that was derived a posteriori and not tested prospectively, and suggest that it may have even wider utility than previously proposed [3] .
In the original study, living alone appeared to be a marker of an older person's general robustness and was therefore treated as a protective factor [3] . In London, however, living alone is associated with a greater frequency of reported falls, and we have therefore regarded it as a marker of risk.
We must be cautious about the wider validity of our findings because the KWAH Project covered only 61% of the population potentially eligible for screening by the Sherbrooke Questionnaire [2] , and the characteristics of the remaining individuals are unknown. However, we are confident that we have identified the great majority of relevant endpoints since we have obtained data from all of the A&E departments likely to be visited by residents of the borough, and we have checked the electronic linkages manually. Our key findings are based on well-established statistical methods, and we have demonstrated their relative insensitivity to variations in the way the underlying data are handled.
The KWAH Project defined 'at risk' status on the basis of an individual having at least two 'positive' responses to the Sherbrooke Questionnaire. This creates a significant operational burden because over 60% of all people over the age of 75 years qualify for the second-phase screening interview when this criterion is employed. Even were the project to have proved effective in reducing emergency attendances and admissions, it is doubtful that any PCT could sustain the high level of community nursing time required to conduct the number of assessments involved, especially as the intention is to repeat screening on an annual basis. Our finding that the risk of new contacts with A&E departments rises progressively with the Sherbrooke score is therefore an important one, as it would allow the face-to-face assessments to be targeted to those at highest risk and permits adoption of a different cut-point for 'at risk' status, as available resources permit.
However, such an interpretation should be tempered by reference to the results for population attributable proportion. These strongly suggest that history of emergency attendances and admissions should be taken into account in assessing 'at risk' status. In addition, the higher the cut-point on the Sherbrooke score is set, the larger the omission from second-phase assessments of individuals who truly are 'at risk'. This occurs because mid-range Sherbrooke scores are much more common than very high values, leading to the larger numbers at moderate risk collectively contributing more new emergency contacts than the few at very high risk.
Finally, while we have demonstrated that the Sherbrooke Questionnaire has good predictive validity as a screening test for future emergency contacts with health services, only some of its elements address factors that are readily amenable to intervention. What additional services might be provided to older people at high risk and whether providing these services does eventually reduce the rate of emergency attendances and admissions among these individuals are different questions from identification of a good screening instrument, and they need to be addressed separately. Clear answers to the latter questions are vital to assessing the cost-effectiveness of alternative policies under consideration by governments in many countries facing increasing demand for services from growing elderly populations. For the moment, however, it does seem that the KWAH Project chose wisely in selecting the Sherbrooke Questionnaire for conducting preliminary assessments.
Key points
• Internationally, health systems face growing demands for services of all kinds associated with rapid expansion of the elderly population.
• The Sherbrooke Questionnaire is a good measure of likely need for emergency visits to hospital among the elderly.
• Programmes attempting to reduce such events by screening elderly persons for 'high risk' should also take into account the individual's recent history of emergency attendance at hospital.
